Supersymmetry (SUSY) is a theory that gives an explanation for the strong and electroweak interactions from the grand unification scale down to the weak scale. The search for supersymmetric particles still continues at full speed at the LHC without success. The main tasks at the ILC is complementing the LHC result and also search for new physics. In this study, the neutralino pair production via photon-photon collision is studied for thet-coannihilation scenario in the context of MSSM at the ILC. In the calculation, all the possible one-loop diagrams are taken into account for the photon-photon interaction. We present the production cross section and distribution of various observables for the lightest and next-to-lightest neutralino pairs for benchmark models which are specifically presented in the light of LHC8 data analysis, employing these benchmark models for neutralino pair production could show the potential of the ILC concerning the dark matter searches in supersymmetry.
I. INTRODUCTION
Despite the success of the Standard Model (SM), the scalar sector still suffers from the quadratic divergence. One possible solution to that is to introduce a new kind of symmetry, which handles these divergences and reduces to merely logarithmic. This theory is called supersymmetry and it gives an explanation for the strong and electroweak interactions at the Planck scale down to the weak scale. According to the theory, if R-parity is conserved in the decay of the supersymmetric particles, the lightest supersymmetric particle becomes a typical candidate for the weaklyinteracting dark matter [1] . The lightest supersymmetric particle in the theory is called neutralino (χ 0 1 ) and due to the weakly interacting nature it will escape the detector without leaving any signal. However, it could be tracked via the missing energy in each event.
The LHC collider at CERN provided pp collisions at √ s = 7 T eV (LHC7) and √ s = 8 T eV (LHC8) in Run-1 to the ATLAS and CMS experiments. These experiments excluded a very favorable model known as CMSSM for the following cases [2]; i.) mg ≤ 1500 GeV and mg mq, and ii.) mg ≤ 1000 GeV and mg mq. In addition to that, if the discovered Higgs boson emerges to be the supersymmetric light CP-even Higgs boson, gauge and anomaly mediated supersymmetry breaking models will also be ruled out.
In this work, the neutralino pair production including whole set of all possible one-loop level Feynman diagrams are calculated. The numerical calculation is presented for the s-tau coannihilation scenario (STC) which is proposed in the light of LHC7 and LHC8 results [3] . The masses of neutralinos and charginos in this benchmark point are at the sub-TeV range, which makes them accessible at the ILC in γγ collision mode. Therefore, this benchmark point is outside of the limits presented by the whole LHC program and it could be reached at the ILC, as it is concluded in this work. The total cross section as a function of center-of-mass (CM) energy for the neutralino pairs and the angular distribution of the cross section are calculated for the unpolarized photon-collisions. In addition to these, the total integrated cross section is calculated for √ s = 0.5 − 1 T eV CM energies.
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II. THEORETICAL FORMULATION
The process for the neutralino pair production at the NLO via photon-photon collision is denoted as
where k a (a = 1, ..., 4) are the four-momenta of the incoming photons and outgoing neutralinos, respectively. µ and ν are the polarization vectors of the incoming photons. Since photon doesn't couple to itself, the neutralino pair production via photon-photon collision is possible via loops at the lowest. All the Feynman diagrams contributing to the process γγ →χ 0 iχ 0 j at the one-loop level are given in [4] . The numerical evaluation of the process (γγ →χ 0 iχ 0 j ) have been performed using the following packages; FeynArts [5, 6] to generate the Feynman diagrams and the corresponding amplitudes, FormCalc [7] to simplify the fermion chains then square the corresponding amplitudes and LoopTools [8] to evaluate the scalar and tensor one-loop integrals. There is no ultraviolet divergence in the results, because all the possible one loop level diagrams are taken into account.
The corresponding Lorentz invariant matrix element for the one-loop level process is written as a sum over boxdagrams, triangle-diagrams, bubble s-channel type and quartic ones are showed in [4] ,
In the numerical calculation, the scattering amplitude is evaluated in the CM frame, then the polarization vectors of the incoming photons and the helicities of the neutralinos are summed. As a result, the cross section of the unpolarized photon collisions is given asσ
where λ(ŝ, m
) is calculated for the outgoing neutralino pairs.
The photon beam at the ILC is formed using the laser back-scattering technique on electron beam in e + e − collisions.
Therefore, the big fraction of the CM energy of the electron beam could be transferred to the photon collisions. Then, the γγ →χ 0 iχ 0 j process could be taken as a subprocess in the e + e − collisions. Thus, the total cross section of e + e − →χ 0 iχ 0 j could easily be calculated by convoluting the photonic cross sectionσ γγ→χ 0 iχ 0 j (ŝ) with the photon luminosity in e + e − collider. The total integrated photonic cross section is defined in the following equation
where s andŝ are the CM energy in e + e − collisions and γγ subprocess, respectively. x min is the threshold energy for neutralino pair and defined as x min = (mχ0
The maximum fraction of the photon energy is taken as x max = 0.83 and the distribution function of the photon luminosity is given in [9] . 
III. NUMERICAL RESULTS AND DISCUSSION
In this section, the total cross section as a function of CM energy, the angular distribution of the total cross section, and the total integrated photonic cross section for theτ -coannihilation benchmark point are presented. The total integrated photonic cross section for each neutralino pairs are presented in Table- I for two distinct CM energies
In many constrained susy models, the sfermion masses are correlated at a high energy scale and light sleptons with the mass of ∼ 100 − 200 GeV are not allowed. However, in a model like pMSSM the spectra of the light sleptons and heavy squarks are possible due to the higher parameter freedom. In the pMSSM, the following parameters are taken [3] ;
• Higgs sector parameters : tan β = 10, µ = m A = 400 GeV 
The SM parameters and the electroweak scale parameter set of the benchmark point are adopted from [13] and
Ref. [10] , respectively. More information for the benchmark point could be found at [3] and references therein.
At this benchmark point the neutralino masses are mχ0 
IV. CONCLUSION
In this work, we have calculated the production rates of the neutralino pairs at the NLO level including all possible
Feynman diagrams in a future photon collider. The numerical analysis on production rates as a function of CM energy, angular dependence and the total integrated photonic cross section are calculated at the ILC for the STC benchmark point. This benchmark point is reachable, particularly, at the International Linear Collider. The production rates of χ 1χ1 ,χ 1χ2 andχ 2χ2 pairs via photon collisions are analyzed up to √ŝ = 2.2 T eV . The peaks seen in the cross section distributions are due to resonance effect of the neutral Higgs propagation particularly in the triangle type diagrams.
The integrated total photonic cross section is calculated by convoluting the γγ →χ iχj cross section with the photon luminosities at the ILC for two distinct CM energies of the incoming e + e − beams. Among the results presented in [4] and the one calculated in this work, the STC gives higher total integrated cross section for the same second lightest neutralino pairs after NUHM2 benchmark point at √ s = 1 T eV . Pair production rate of the lightest neutralinos is quite lower than the other benchmark points analyzed in [4] . However,χ 1χ2 pair production rate gets high at √ s = 1.0 T eV CM energy. The lightest neutralino pair without additional hard photon is not observable due to the weakly interacting nature, but the lightest and next-to-lightest neutralino pair is observable at the detector. This process is a primary interest in the current supersymmetry searches. For experimental point of view the lightest neutralino will produce a large missing energy in the collisions and production of missing energy with the asymmetry in the events will give a strong clue on supersymmetry in ILC. It is concluded that a γγ collider with an additional very small cost compared to the e + e − collider could produce new results on supersymmetry and that might give hints on the beginning of the universe.
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